Adults with Asperger Syndrome (AS) can recognise simple emotions and pass basic theory of mind tasks, but have difficulties recognising more complex emotions and mental states. This study describes a new battery of tasks, testing recognition of 20 complex emotions and mental states from faces and voices. The battery was given to males and females with AS and matched controls. Results showed the AS group performed worse than controls overall, on emotion recognition from faces and voices and on 12/20 specific emotions. Females recognised faces better than males regardless of diagnosis, and males with AS had more difficulties recognising emotions from faces than from voices. The implications of these results are discussed in relation to social functioning in AS.
recognition. Adults with autism spectrum conditions may also not differ from typically developed controls in the ability to recognise the 6 basic emotions (Adolphs, Sears, & Piven, 2001 ). These groups also passed first-and second-order theory of mind tasks, which could be taken to indicate no theory of mind difficulty in autism.
This lack of difficulty in basic emotion recognition can be explained in different ways. For example, one can distinguish situation-based emotions (such as sadness and happiness) from belief-based emotions (such as surprise) (Baron-Cohen, Spitz, & Cross, 1993) . According to the theory of mind hypothesis, individuals with autism have specific deficits in recognising belief-based emotions, compared to situation-based emotions. The latter study found that, compared to learning disabled and typically developing controls, matched on mental age, children with autism had no difficulty in recognising sadness or happiness, but they found it harder to recognise surprise. Similarly, children with high functioning autism (HFA) found it harder to describe situations in which they felt embarrassed and to recognise embarrassment (a belief-based emotion) from photographs, relative to a matched task involving sadness or happiness (Capps, Yirmiya, & Sigman, 1992) . These findings support the distinction between ''situational'' and ''cognitive'' emotions (Harris, 1989) .
The lack of difficulty in passing first-and second-order theory of mind tasks by people with HFA and AS can be explained by the fact this competence is usually achieved by typically developing children as young as 6 years old. The fact that people with AS or HFA pass these tasks may simply indicate that their understanding of mental states is at least equal to that of an average 6 year-old.
The success with basic emotion recognition by people with AS may also reflect that such individuals (who have normal intelligence) may be using compensation strategies to bypass their earlier difficulties. For example, Grossman et al. (2000) showed children with AS pictures of 5 ''basic'' emotions, with matching or mismatching labels. The children with AS had no problem recognising these emotions or identifying the emotions when labelled with matching words, but had difficulties in recognising the emotions in the mismatching labels condition. This result suggests that, instead of recognising the emotions in the face, children with AS were using the written label to answer the question. The authors concluded that individuals with AS use verbal mediation as a compensatory strategy, which may mask their deficits under certain circumstances.
For these reasons, in order to examine mental state recognition abilities in people with autism spectrum conditions of normal intelligence, there is a need for more a fine grained test battery, examining more subtle emotions.
To address this need, the Strange Stories Test was developed (Happe, 1994) . This assesses the ability to provide context-appropriate mental state explanations for non-literal statements made by story characters (e.g. ironic or sarcastic statements). Happe's study with adolescents found specific deficits on this task, a result that was later replicated with adults with AS or HFA (Jolliffe & Baron-Cohen, 1999) .
A different approach involves the ''Reading the Mind in the Eyes'' test, which measures the ability to identify complex mental states from still pictures of the eye region (Baron-Cohen, Wheelwright, & Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001 ). This approach has been extended in two studies, using tasks in which the participant is required to identify mental states from recordings of brief spoken phrases (Kleinman, Marciano, & Ault, 2001; Rutherford, Baron-Cohen, & Wheelwright, 2002) . All these tasks showed that individuals with AS or HFA, despite having at least normal intelligence, have specific difficulties in identifying subtle mental states.
However, there are a few methodological and conceptual issues that these tasks do not address:
1. The ''Reading the Mind in the Eyes'' (the Eyes task) and the ''Reading the Mind in the Voice'' (the Voice task) tasks test different complex emotions and mental states, but they do not systematically examine the recognition of particular emotions. Rather, these tests include a variety of stimuli, which generate one overall score of emotion recognition. 2. The Eyes task, like most visual tasks of emotion recognition, uses still pictures rather than motion. The result is a relatively narrow range of emotions which can be studied, as the distinction between many emotions requires motion (e.g. relief). In addition, this makes the test less naturalistic, and therefore may not assess an individual's actual ability to identify emotions from moving faces. 3. No tasks have studied understanding of complex mental states via both visual and auditory channels. This has been tested with 170 Golan, Baron-Cohen, and Hill the basic emotions (Hobson, 1986a, b; Loveland et al., 1995) .
In the construction of The Cambridge Mindreading (CAM) Face-Voice Battery, we address these issues. The test was designed to assess the wide emotional repertoire of adults and to examine each emotion thoroughly through both visual and auditory modalities, using motion in the visual task.
The test is based on a new taxonomy of emotion (Baron-Cohen, Golan, Wheelwright, & Hill, 2004) . This model comprises 412 unique emotion concepts, including all the emotion terms in the English language, as well as epistemic mental states with an emotional dimension (e.g. doubting). Mental states that could be a purely bodily state (e.g. hungry) and epistemic states with no emotional dimension (e.g. reasoning) are not included.
These 412 emotions are grouped into 24 mutually exclusive emotion groups (such as the happy group, the thinking group, the sneaky group, etc). A list of the 24 emotion groups is shown in Fig. 1 . Developmental testing resulted in the 412 emotion concepts being further subdivided into six different levels, on the basis of word frequency in the English language and verbal comprehension. The six levels represent an age range from preschool through to adulthood. The full list of emotions, according to emotion groups and developmental levels can be found elsewhere (Baron-Cohen, Golan, Hill & Wheelwright, submitted; Baron-Cohen et al., 2004) .
Using this taxonomy, and together with a multimedia production company, we created a multimedia database on DVD-ROM, in which actors of both sexes, different age groups and ethnicities enacted each of the 412 emotions. These were captured using video of their facial expression, and using audio of their vocalisation. Each of the 412 emotions therefore has 6 films and 6 voice recordings expressing it (Baron-Cohen, Hill, Golan, & Wheelwright, 2002) . Every film and audio recording of every emotion was validated, using a panel of 10 volunteers from the general population. If at least 8 out of 10 judges agreed that the label given to a face or voice could be a reasonable description of the particular emotion, the film or voice recording was included in the database. This database is used in a piece of educational software, for teaching emotion recognition (for details, see www.jkp.com/mindreading).
The CAM battery evaluates a selection of 20 emotion concepts, taken from the above mentioned taxonomy, representing 18 of the 24 emotion groups. This covers a good variety of emotions and mental states, while remaining relatively brief for administration. Coverage of all 412 emotion concepts would have made the test itself unfeasible in a single session. The battery includes two tasks: emotion recognition in the face and emotion recognition in the voice. Each of these tasks has fifty questions, in which the participant is either watching 3-5 second silent clips of actors portraying an emotion (facial task), or listening to short sentences, spoken in a particular emotional intonation (vocal task). After watching the clip/listening to the voice recording, the participant is presented with four adjectives and is asked to ''choose the word that best describes how the person is feeling''.
In order to make sure that the chosen concepts are taken from the adult emotional repertoire, they were all selected from the higher levels of the taxonomy; 6 concepts from level 4 (concepts understood by typical 15-16 year olds), 13 concepts from level 5 (understood by typical 17-18 year olds) and one concept from level 6 (words understood by less than 75% of typical 17-18 year olds). A detailed description of the level validation process is available elsewhere (Baron-Cohen et al., submitted).
We included mental states that are ''positive'' in valence, such as empathic and intimate, as well as concepts that are ''negative'', such as guarded and insincere. An attempt was also made to include emotions of varying intensity, i.e.-subtle emotions on the one hand (e.g.-uneasy, subdued) and intense ones on the other (e.g.-appalled, mortified). Concepts were coded for intensity and valence when creating the taxonomy by 3 independent judges (Baron-Cohen et al., submitted). In total, the CAM battery has 5 ''positive'' concepts, 12 ''negative'', and 3 ''neutral''. 3 concepts were coded as having high intensity. The twenty concepts with their level, valence and intensity coding are listed in Table I . 
The Cambridge Mindreading (CAM) Face-Voice Battery
Each of the 20 emotion concepts tested was expressed by 5 examples (or items). Our criterion for passing a concept was correct recognition of at least 4 out of 5 items. Achieving 4 or more out of 5 would represent above chance recognition of the concept (Binomial test, p < .05). Of the 20 concepts, 10 concepts were measured by the following combination of 5 items: 3 faces and two voices. The other 10 concepts were measured by a variation on this: 3 voices and two faces. This design allowed us to keep the task brief overall.
There are four different scores that can be derived from the CAM:
1. An overall emotion recognition score: defined as the sum of all the correctly answered questions, ranging from 0 to 100, describing overall emotion and mental state recognition. Any score greater than 35 is above chance at the p < .01 level (Binomial test). 2. Facial emotion recognition score: defined as the sum of all items answered correctly from the facial items, ranging from 0 to 50. Any score greater than 20 is above chance at the p < .01 level (Binomial test). 3. Vocal emotion recognition score: defined as the sum of all items answered correctly in the vocal items, ranging from 0 to 50. Any score greater than 20 is above chance at the p < .01 level (Binomial test). 4. Concepts correctly recognised: The concepts can be studied in two ways: The sum of concepts correctly recognised, ranging from 0 to 20 (any score greater than 2 is above chance at the p < .01 level, according to Binomial test), or the particular concepts correctly answered, analysed individually/by subgroups (e.g.-positive/negative).
In this study, we predicted that participants with AS would show deficits, relative to matched controls, on all 4 scores above.
Another comparison we carried out was between the ability to recognise emotions from the face and from the voice. Such a comparison is possible since the CAM includes the same emotions in the facial and vocal scale. We also tested for a group difference on the face-voice comparison (i.e. a group by modality interaction).
Lastly, we predicted that CAM scores would positively correlate with the Revised ''Reading the Mind in the Eyes'' test and with a revised version of the ''Reading the Mind in the Voice'' test (Golan, Baron-Cohen, Rutherford, & Hill, submitted) , which includes 4 foils for each question instead of two in Rutherford et al.'s original 172 Golan, Baron-Cohen, and Hill task (Rutherford et al., 2002) . The CAM scores were also predicted to correlate negatively with scores of the Autism Spectrum Quotient (AQ) (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001 ).
METHOD Participants
Group 1 comprised twenty-one adults (15 males and 6 females), aged 18-50 (Mean age = 30.2, SD = 10.5). Participants had all been diagnosed with Asperger Syndrome in specialist centres using established criteria (APA, 1994; World-Health-Organisation, 1994) . They were recruited from several sources, including a local clinic for adults with AS, support organisations, and colleges for individuals with autism spectrum conditions around the UK. All participants were given the Wechsler Abbreviated Scale of Intelligence (WASI), comprising the vocabulary, similarities, block design and matrix reasoning tests. The WASI produces verbal, performance and full scale IQ scores, with correlations of .88, .84 and .92, respectively, with the full Wechsler scales (Wechsler, 1999) . All participants scored above 70 on both verbal and performance scales. Mean verbal IQ score was 114.4 (SD = 9.02) and mean performance IQ score was 107.71 (SD = 15.95).
Group 2 comprised 21 adults recruited from a local employment agency. After screening for autistic spectrum conditions using the AQ (Baron-Cohen et al., 2001), four participants were excluded for scoring above cut-off of 32. The remaining seventeen, 12 males and 5 females, matched the clinical group in age (range = 18-51, mean age = 27.1, SD = 10.3) verbal IQ (mean = 118.47, SD = 7.42) and performance IQ (mean = 110.82, SD = 8.57). They spanned an equivalent range of socio-economic classes and educational levels as that seen in the clinical group. Chi-square test for sex and t-tests for age, verbal and performance IQ revealed no significant differences between the groups at the p < .05 level (see Table II ).
Instruments
The CAM: Test Development Twenty-five concepts were selected from the emotion taxonomy (Baron-Cohen et al., submitted). Six of the twenty-five were taken from level 4, 15 from level 5 and four from level 6, which are all adult levels. A pilot study carried out with adult participants with AS using the basic emotions resulted in ceiling effects. This confirmed that choice of the adult level emotion concepts was appropriate.
Selection of the 25 concepts followed 3 principles: concepts should be (a) selected from all 24 emotion groups, (b) mainly subtle, and (c) important for everyday social functioning. Although most of the 24 emotion groups were represented in the CAM by one emotion concept, the larger emotion groups (unfriendly and sad) were represented by 2 emotion concepts each. For each concept, six test questions were created, using a computer programme which randomly selected three video films and three audio voice recordings out of the six existing on the multimedia database, and matched them with foil words from levels 4 and 5 of the emotion taxonomy, ensuring that foils were not from the same emotion group as the target answer. Although choosing foils from other emotion groups possibly makes the tasks easier, it was believed that foils taken from the same categories as targets might be too similar and increase the dependency of performance on verbal ability (i.e. the ability to distinguish one emotion from another within the same group). Some of the groups might still provide quite difficult foils to other emotion groups with a similar valence and theme. For example-emotions from the unfriendly group were used with targets from the angry group, emotions from the sad group were used with targets from the hurt group, etc. Note: p > .1 for all t-tests.
The Cambridge Mindreading (CAM) Face-Voice Battery
Two tasks (face recognition and voice recognition) were created and run on an IBM compatible computer, using the experimental software DMDX (Forster & Forster, 2003) . Each task started with an instruction slide, followed by two practice items, to ensure understanding of the task. In both tasks the test items were presented in a random order. The face task comprised silent clips of adult actors, both male and female, and of different ethnicities, expressing the emotions in the face (though with shoulders visible). Example questions showing one frame from two of the clips are shown in Fig. 2 . The voice task comprised recordings of short sentences expressing various emotional intonations. An attempt was made to use as neutral content as possible for the voice recordings (e.g. ''Where did you get that?''), so that recognition had to rely primarily on intonation rather than semantic content.
In both tasks four adjectives, numbered from 1 to 4, were presented after playing each stimulus. Participants were asked to press 1, 2, 3 or 4 on a keyboard to select their preferred answer. After choosing an answer the next item was presented. No feedback was given during the task. A handout of definitions of all the adjectives used in the task was available for the participants at the beginning of the assessment. Participants were encouraged to go through it and make sure they were familiar with all the words, and to use the handout in case of any doubt during the task. Hence, response time was unrestricted and not measured.
Item validation was conducted before carrying out any group analysis. The data from the 21 adults in the control group was first analysed as follows: An item was considered valid if at least 11 out of 21 (>50%) of these participants selected the target word and no more than 6 (<33%) selected any one of the foils. Using these criteria, 5 of the concepts (3 from level 6 and 2 from level 5) were excluded from the battery. Eight other concepts had one invalid item each, and these items were removed. In order to keep the same number of items for all the concepts and to keep the battery brief to administer, one item was then randomly removed from each of the remaining 12 concepts, so that the final battery comprised 20 concepts with 5 items for each concept. The number of concepts having 3 face and 2 voice items or 3 voice and 2 face items were counterbalanced.
Autism Spectrum Quotient (AQ, Baron-Cohen et al., 2001): The AQ is a self-report questionnaire, which measures the degree to which any adult of normal IQ possesses traits related to the autistic spectrum. Scores range from 0 to 50, and the higher the score, the more autistic traits a person possesses.
Reading the Mind in the Eyes Task [Revised, adult version] (Baron-Cohen et al., 2001): The task has 36 items, in which participants are presented with a photograph of the eyes region of the face and must choose one of four adjectives or phrases to describe the mental state of the person pictured. A definition handout is provided at the beginning of the task and a practice item precedes the first trial. In the present study, the pictures and adjectives were presented on the computer screen (using DMDX software), to avoid possible difficulties due to communication with a human examiner (Ozonoff, 1995) . Items were presented in a random order. There was no time limit for answering.
Reading the Mind in the Voice Task (Revised). We used a revised version of the original task (Rutherford et al., 2002 ). In the original task, 40 segments of speech, taken from BBC drama series, were played on audio tape to the participants, who were asked to choose one out of two possible answers, describing the speaker's mental state in each item. The task was revised as follows: Each of the test items was allocated two more foils, taken from the 
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Golan, Baron-Cohen, and Hill same level, one level above or one level below the correct answer (based on the emotion taxonomy). Foils were selected to match the content of the verbalisations but not the intonation, thus making the task harder to answer. This avoided ceiling effects that the original version of the test is prone to. Seven items were removed since the authors found the correct answer inappropriate to the verbalisation. Eight more items were excluded after validation by a sample of 15 typically developing adults. The final task included 25 items with 4 possible answers for each of them (For a full description of the revision and validation, see Golan et al., submitted). The test items were ''cleaned'' from background noise as far as possible and played on a computer (using DMDX software) in random order, preceded by an instruction slide and two practice items. Participants were again given a definition handout before the beginning of the task. There was no time limit for answering.
Procedure
Participants were tested either at the Autism Research Centre in Cambridge, or at local support centres and colleges for individuals with autism spectrum conditions. Participants were seated in front of IBM compatible computers with 15 inch monitors and were given headphones for the voice tasks. The CAM took about 45 minutes to complete.
RESULTS
A calculation of facial, vocal and overall scores was made by counting the number of correct answers in each of the scales and across the whole battery. Furthermore, a tally of concepts correctly recognised was made. A minimum of 4 correct answers out of 5 items was considered successful recognition of a concept.
All participants scored above chance (p < .01, Binomial test) on the vocal scale and on the overall score. All except for two participants from the AS group scored above chance on the facial scale (p < .01). These two participants scored just below the threshold (20 correct answers out of 50), one of whom scored above chance at the p < .05 level. They were therefore included in the analysis.
Univariate analyses of variance (ANOVA) were performed on the facial scale score, the vocal scale score, the CAM overall score and the number of concepts passed. Group (AS/control) and Sex were the independent variables. Verbal IQ, performance IQ, and age were entered as covariates.
A main effect of group was found in all four analyses. The scores of the AS group were significantly lower than those of the control group on the facial scale (F [1,31 To test for differences between the vocal and facial scale scores among the groups (modality effect) and between them (a modality by group interaction), a multivariate ANOVA for repeated measures was performed with the CAM facial and vocal scale scores as the dependent variables, group (AS/control) and sex as independent variables and verbal IQ, performance IQ and age as covariates. No effect of modality was found (F wilks [1,31] = 2.63, n.s.), nor an interaction of group by modality (F wilks [1,31] = 0.39, n.s.). A significant interaction of modality by sex was found (F wilks [1,31] = 5.06, p < .05), suggesting that females found it easier to recognise emotions from faces than from voices, whereas males showed the opposite preference. However, the analysis of simple main effects was not significant.
A three-way interaction of modality by group by sex was also found to be significant (F wilks [1,31] = 4.45, p < .05). Analysis of simple main effects revealed that while there were no differences between recognition of emotions from faces and voices in the control group and among females with AS, there was indeed a significant difference among males with AS (t[14] = 2.69, p < .05), who found the recognition of emotions from faces (M = 31.1, SD = 8.24) significantly harder than recognition from voices (M = 36.7, SD = 4.22).
Next, in order to compare the recognition of individual concepts in the two groups, a 18 by 2 multivariate analysis of variance was performed for the proportions of participants who correctly recognised each concept in the two groups. Due to the large number of dependent variables and since groups were matched on sex, age and IQ, these variables were not included. Two concepts-uneasy and appalled, which all of the participants of the control group passed, were excluded from the analysis. The analysis yielded a significant overall effect of group (F wilks [18, 19] = 2.60, p < .05). Individual concept analyses revealed that the AS group scored significantly lower than the control group in the recognition of 11 of the 18 concepts. These concepts were: intimate and reassured from level 4 of the taxonomy; distaste, insincere, lured, mortified, nostalgic, resentful, subservient and grave of level 5; and exonerated of level 6. The two concepts, which were excluded from the analysis, were then analysed separately with a goodness of fit test. The proportion of participants with AS who correctly recognised uneasy was significantly lower than that of the control group (v 2 [1] = 8.2, p < .01). There was no difference between the groups in the recognition of appalled (v 2 [1] = 0.831, N.S.). A Wilcoxon signed ranks test was held to check the difference between proportion of concepts passed from levels 4 and 5 of the taxonomy (level 6 was excluded since it was represented by one concept only). No significant difference was found for either group (Z = .47 for the AS group and Z = .12 for the control group. p > .5 for both). The proportion of participants of the two groups who passed each of the 20 concepts is shown on Table IV. 176 Golan, Baron-Cohen, and Hill
Power calculations for the different scales (with a = 0.01) show that the scales are quite powerful in differentiating the group with AS from the control group. Power scores were 1-b=.996 for the facial scale, .939 for the vocal scale, .989 for the tally of correctly recognised concepts and .999 for the CAM overall score. With a more conservative alpha level (a = .001) the respective power scores were: .972 (facial), .761 (vocal), .933 (number of concepts recognised), and .993 (overall).
An examination of the correlation matrix, shown in Table V reveals that as predicted, the CAM is strongly and positively correlated with the ''Reading the Mind in the Eyes'' task ( and the revised version of the ''Reading the Mind in the Voice'' Task (Golan et al., submitted; Rutherford et al., 2002) . All of the CAM's scores correlated positively with these external criteria. Unsurprisingly, the facial scale had a stronger correlation with the Eyes task (r = .74, p < .001) compared to the Voice task (r = .49, p < .01). Similarly, the vocal scale of the CAM correlated more strongly with the Voice task (r = .62, p < .001) than with the Eyes task (r = .32, p < .05). The two scales of the CAM maintained a strong correlation between themselves (r = .57, p < .001), as they did with the overall score and the number of correctly recognised concepts.
All of the CAM's measures were negatively correlated with the AQ score, which means that the more autism spectrum characteristics one possesses, the lower one's CAM scores. All correlations of the CAM scores with IQ or age of the participants were found to be non-significant, which suggests that the CAM measures are independent of both verbal and performance IQ, as well as chronological age.
DISCUSSION
This study introduces the CAM-a new battery for testing recognition of complex emotions and mental states in the face and the voice. It expands previous work that found difficulties Rutherford et al., 2002) . However, unlike previous studies, the CAM battery allowed a test of the recognition of specific emotions and mental states as well as overall performance, and recognition in the two perceptual channels separately. It also tested recognition of complex emotions and mental states using films of faces rather than still pictures.
Results showed that individuals with Asperger Syndrome (AS), when compared to general population controls, had more difficulties in recognising mental states from both faces and voices. In addition, participants with AS recognised fewer mental state concepts then controls. In twelve out of the twenty emotions and mental states tested in the CAM, a significantly lower number of participants with AS successfully recognised the concept, compared to ageand IQ-matched controls.
The fact that controls were matched on chronological, verbal and nonverbal mental age, and the lack of correlations between the CAM scores and these factors, suggests the independence of complex emotions and mental state recognition from verbal and non-verbal ability. The strong negative correlation of the CAM scores with the participants' Autism Spectrum Quotient (AQ) score supports the relevance of emotion and mental state recognition difficulties in high-functioning adults with autism spectrum conditions. These are important components of empathising (BaronCohen, 2003) . Despite their ability to recognise basic emotions, such adults still find it hard to ''mindread'' complex mental states from faces and voices. The relatively high correlation of the CAM facial and vocal scales with the ''Reading the Mind in the Eyes'' and ''Reading the Mind in the Voice-R'' (Golan et al., submitted) tasks, respectively, provides the task with important measures of external validity. The CAM goes beyond these two tasks by using motion in the facial scale items and by allowing the opportunity to analyse individual concepts. Its power levels show it is sensitive to group differences across all scales and scores.
The CAM tests recognising emotions independent of weak central coherence (Frith, 1989) or executive function (Ozonoff, Pennington, & Rogers, 1991) because there is minimal context or planning, which burden working memory. However, like almost everything, responses do of course require some minimal inhibition (the ability to go through all the answers and choose the best one) and working memory.
A review of the mental states with which the AS group had significant difficulties reveals no clear pattern: Of the concepts included in the CAM, the groups did not find positive emotions easier to recognise than negative ones; concepts known to 15-16 year olds were not recognised more easily than concepts known to adults. There was even no preference for recognition of more intense emotions in comparison to more subtle ones: a group difference was found for distaste and mortified which were both marked as ''strong'', whereas other, more subtle, mental states such as subdued or empathic did not produce a group difference. However, emotion valence and subtlety were not systematically studied in the CAM, and these could be studied in their own right in future studies. The lack of a developmental level effect may be attributed to the AS group members having a verbal IQ within the normal range. In other words, individuals who are older than 18 (as the participants of this study were) would be expected to be familiar with these concepts. An alternative explanation is the relative similarity in complexity between level 4 and level 5 concepts (which the CAM comprises). In order to test for an effect of level, i.e. differential recognition of complex and simpler mental states, the task should compare concepts from the higher levels (4-6) with lower levels (1-3). A comparison of this kind, using still pictures of faces and pictures of the eyes and mouth region revealed that whilst adults with autism and AS were able to detect basic mental states in the whole face, they were impaired at recognising complex mental states, and especially at recognising such mental states from the eyes alone.
Despite the small number of female participants in this study, a sex difference was found on the facial scale in this study, and this was independent of diagnosis: females recognised emotions in faces significantly better than males. This has been found in typically developed controls using the ''Reading the Mind in the Eyes'' (Baron-Cohen et al., 2001) or the ''Profile for Non verbal Sensitivity'' (BaronCohen, 2003; Hall, 1984) . The lack of studies investigating females with autism spectrum conditions calls for a thorough investigation of their profile. The absence of a sex difference on the vocal scale mirrors the lack of such a difference on the 178
Golan, Baron-Cohen, and Hill ''Reading the Mind in the Voice'' task (Rutherford et al., 2002) . The reason for the difference between facial and vocal emotion recognition when testing sex differences might actually derive from the linguistic nature of the vocal task. Our results show that males with AS had higher vocal scores than their facial ones. It might be that they used the content to guess the emotions, to compensate for their difficulties in emotion recognition (Grossman et al., 2000) .
Although the dependent variables in this study measured number of correctly recognised emotions, it is nevertheless interesting to examine the errors made by the groups. Due to the wide variety of emotions used as distracters, it was not possible to locate specific error patterns. However, there were some interesting anecdotal examples of errors made only by participants in the AS group. These errors were mainly about missing subtleties in face items and answering according to the content while ignoring the intonation in voice items. Though in most cases chosen distracters were of the same valence as targets, in some items participants in the AS group preferred a cross valence distracter upon the target answer (i.e. preferred a negative distracter when target was positive and vice versa). All examples of the errors quoted in the discussion section below were chosen by at least 30% of the participants with AS.
When looking at the group differences on individual concept recognition, the deficit among the AS group in recognising insincerity is most striking. Less than a third of the AS group members recognised this mental state successfully, which supports evidence from other studies, showing specific difficulty in understanding deception (Baron-Cohen, 1992; Sodian & Frith, 1992) . One study found that high-functioning adults with autism had difficulties assessing the trustworthiness and approachability of people from pictures of their faces (Adolphs et al., 2001) . Their participants tended to evaluate people in the photos as being more trustworthy and approachable than controls' evaluations. Understanding of hidden intent, masked behind an incongruent facial expression, is a major area of difficulty for individuals with autistic spectrum conditions. In her book Thinking in Pictures, Temple Grandin described her experience as a high functioning adult with autism: ''It is easy for me to understand the concept of deception when it involves playing tricks...but understanding the social cues that indicate an insincere person is much more difficult'' (Grandin, 1995, p. 137) . Other studies have also reported a specific difficulty in matching incongruent faces and emotion labels among children with AS (Grossman et al., 2000) . It is possible that on the CAM items for insincere, the participants with AS were distracted by the content of what was said in the vocal items, rather than judging the intonation, which caused them to make errors. Similarly, they might have used more obvious cues in the face (e.g. the fact that the person in the film was smiling) to answer the facial items while missing other, more subtle facial cues (e.g. gaze that was incongruent with the smile). An example of such an error is the preference of the distracter ''spellbound'' when asked to recognise insincerity in one of the face items. The participants might have interpreted the smile and avoiding gaze as a spellbound rather than an insincere emotional state. Since deception is tested in the false belief tasks (which adults with AS passed with no difficulty), the CAM might provide a more subtle alternative to these tasks.
Another emotional concept the AS group had particular difficulty recognising was subservient. For example, two thirds of the AS group preferred the label ''miffed'' for a subservient face item (comparing to 11% in the control group). This could reflect their confusion between dominant and submissive characters in a social situation. Since dominance hierarchies are widely recognised in social primates (De Waal, 1998) it is surprising that people with AS should find this emotion difficult. However, it may be that nonhuman primates rely on other cues to judge dominance and subservience (e.g. physical size or success in conflict). It is likely that people with AS would have no difficulty in understanding social hierarchies from non-emotional cues (such as rank). It may therefore be that their deficit arises only when the cues are from emotional expression. Such misunderstanding of hierarchical human systems and social relations might, for example, lead to the use of an inappropriate attitude towards authority.
A similar problem might arise for the misunderstanding of intimacy-another clearly interpersonal emotion. The AS group had difficulties spotting the interpersonal aspect in this mental state. More than 40% of participants with AS mislabelled intimate face items as ''determined'' and ''carefree''. Similarly, 30% of them mislabelled an intimate voice item as ''subservient'', possibly relying on its content (''ask me anytime'') while not picking up the intonation. It is easy to imagine how such a cognitive deficit could lead to difficulties in relationships and to difficulties distinguishing genuine closeness and interest on one
The Cambridge Mindreading (CAM) Face-Voice Batteryhand, from politeness or even boredom in an encounter on the other. The AS group's difficulties in recognising resentful, grave or mortified also may reflect longstanding difficulties in reading emotions and mental states. The lack of group difference for mental states like guarded or stern may reflect these items being hard for both groups, since both groups scored relatively low on them. Further examination of these mental states and the groups they represent will be required. This applies especially to guarded and its group disbelieving due to its relevance to theory of mind and the understanding of deception.
Another mental state which the AS group had significant difficulties with was exonerated. A third of the participants in the AS groups mistook a face item of exonerated for ''remote'', which is a cross valence distracter. Similarly, they confused the positive exonerated for a negative label, ''resigned'' in a voice item, again using the content only (''now I can get down to work''). This concept was the only remaining representative of level 6 in the taxonomy (emotion words which were known to less than 75% of adult participants in the validation study (Baron-Cohen et al., submitted)). Nevertheless, analysis revealed no significant effect of verbal IQ in the ability to recognise this emotion. This mental state (which concerns relief from blame, like reassured which also had a significant group effect), requires the use of a theory of mind for its interpretation, which might have made its recognition especially hard for the AS group.
One of the emotional concepts which was recognised by all members of the control group but only 62% of the AS group is uneasy. This emotion, expressing very subtle degrees of fear, is a good example of the difficulty individuals with AS might have with picking up subtle emotional cues. A new fMRI study of the amygdala, a key brain area underlying the detection if fear in others, involved showing pictures of people expressing fear at different intensities to individuals with AS and controls (Ashwin, Baron-Cohen, Wheelwright, O'Riordan, & Bullmore, submitted) . Amygdala activation among the participants with AS was significantly reduced relative to controls. Furthermore, the AS group showed no difference in amygdala activation between intense, moderate and mild degrees of fear. This study supports the amygdala theory of autism (Adolphs et al., 2001; Baron-Cohen et al., 2000; Howard et al., 2000) and shows that the brain in high-functioning adults with autistic spectrum conditions does not respond differentially to expressions of subtle fear. Our study is consistent with these findings. Future studies should investigate amygdala activity in individuals with AS not only when watching but also when listening to fear items of different intensity (e.g. uneasy, afraid, terrified).
Another significant difference in recognition between the AS and control groups was with the concept distaste from the disgusted group in the taxonomy. This high-intensity concept, was recognised by nearly all of the controls (94.1%) but only by a little more than half of the participants with AS (57.1%). More than a third of the participants in the AS group mislabelled a face item of this emotion as ,offended' and two thirds of them mislabelled a voice item as ''battered'' (''you've done it again''). Surprisingly, not many studies have studied recognition of disgust. Those which have, found difficulties in disgust recognition among severely autistic adolescents with mental retardation (Hobson, Ouston, & Lee, 1988) and no difficulty in its recognition among high-functioning adults with autistic spectrum conditions (Adolphs et al., 2001 ). The group difference we found in the recognition of faces and voices expressing distaste (which is slightly more subtle than disgust) suggests that even high-functioning individuals with AS might have problems recognising this in faces and voices. So far, no brain mapping studies have assessed the recognition of disgust by individuals with autism spectrum conditions. However, studies of patients with insula and basal ganglia lesions report specific difficulties with the recognition and experience of disgust, suggesting brain specificity for this emotion (Calder, Keane, Manes, Antoun, & Young, 2000; Calder, Lawrence, & Young, 2001) .
Interestingly, there was no difference between the AS and control groups in the recognition of empathy (the concept empathic), and this was not predicted. The reason for this might have been the easy foils which appeared with this concept. It will be interesting to explore other emotions in the kind group, to test this concept more thoroughly. Equally surprising was the lack of difference in recognising mental states such as appalled, vibrant, confronted and subdued. These results suggest that in such adults with AS, their ''mindblindness'' is by no means total.
The CAM presents both visual and vocal stimuli, including motion in the face task and requiring word labels for the emotion. As these different kinds of stimuli activate different brain areas, one might wonder which of these underlies the difficulties of the AS group. Such studies were mainly done with typically developed and with brain damaged participants. In a recent study assessing a patient with bilateral amygdala lesions, Adolphs and colleagues found that while the patient could not recognise the 6 ''basic'' emotions from still faces, he could easily recognise them when they were expressed by a live model. They argued that still and motion emotional stimuli activate different areas of the brain: while the fusiform gyrus, as well as the posterior and superior temporal cortex and the amygdala and insula are involved in recognising emotions from still faces, emotion recognition from faces in motion is related to middle temporal and middle superior temporal areas of the brain, together with parietal and frontal sectors (Adolphs, Tranel, & Damasio, 2003) .
Kilts and colleagues conducted a PET imaging study assessing intensity of anger and happiness from still and video stimuli. They found that judgment of anger in dynamic expressions was associated with increased right-lateralised activity in the medial, superior, middle, and inferior frontal cortex and cerebellum, while judgments of happiness were associated with relative activation of the cuneus, temporal cortex, and the middle, medial, and superior frontal cortex. In contrast, the perception of anger or happiness in static facial expressions activated a motor, prefrontal, and parietal cortical network (Kilts, Egan, Gideon, Ely, & Hoffman, 2003) .
As with visual stimuli, there are different findings with regards to emotion recognition from the voice. In a study involving over a hundred participants with focal brain damage, Adolphs and colleagues found that lesions in right cortical regions impair recognition of emotion in prosody. Phillips and colleagues found in a functional MRI study that the amygdala, as well as the superior temporal gyrus, were involved with recognition of fear and disgust in both visual and vocal stimuli (Phillips et al., 1998) . However, Adolphs and Tarnel found no difficulty in recognising emotions from prosody among amygdala lesioned patients (Adolphs & Tranel, 1999) . Evidently, this calls for further inquiry of brain structures involved in emotion recognition from voices.
The above mentioned studies assessed emotion recognition using the 6 ''basic'' emotions. Further investigation into activation of brain regions in recognition of complex emotions from still, dynamic and vocal stimuli, such as those that appear in the CAM is still required. Since this study was purely behavioural, no conclusions could be drawn of relevant brain regions involved in the recognition of the CAM's different emotions. Work is under way in our lab to investigate the neural basis underlying dynamic emotion recognition using the videos from the CAM in a functional MRI experiment involving adults with and without autism.
The CAM includes only 20 out of the full set of 412 emotions and mental states in the emotion taxonomy. Our team is currently working on a version for children (Golan & Baron-Cohen, in preparation) . Future studies using the taxonomy and the multimedia database could explore each particular emotion group in depth, and compare certain emotions in different intensities. Temple Grandin mentioned the visual collection of social ''clips'' she holds in her mind for reference, which help her cope with interpersonal situations (Grandin, 1995) . Matching facial and vocal expressions of mental states could be used to teach individuals with autism spectrum conditions to improve their emotion recognition. We are currently engaged in such an intervention study.
We conclude by suggesting that this new test of subtle emotion recognition in the face and the voice reveals that adults with HFA or AS have residual difficulties in recognising complex emotions and mental states, independent of IQ, language, central coherence, or executive function.
